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Pesiome. Llenbio uccaenoBaHus 6bUIO N3yYeHE OCOOCHHOCTEN B3aMMOCBSI31 MEXy SKCIIpecCcueit perer-
TOPOB aKTUBALUU U aaAre3ud HEUTpoGhUIOB KPOBU U BHYTPUKIETOUYHON aKTUBHOCTBHIO (DEPMEHTOB y OOJb-
HbIX pakoM nouyku (PIT). boabHbie (n = 72) ¢ PIT (T3NOMO, cBETI0KJIETOUHBIN TUIT) ObLIU 0OCIEIOBaAHBI
JIO XUPYPruyeckKoro jJeueHus Ha 0a3ze KpacHOSpPCKOro KpaeBoro OHKOJOIMUYECKOro aucriaHcepa. JuarHos
«PIT» noarBepskaeH ructonorndyecku. GeHOTUTT HEUTPODUIIOB KPOBU M3ydad METOAOM MPOTOYHOM 1IMTO-
METpUU. YPOBHU SKCIPECCUM MMOBEPXHOCTHBIX PELETITOPOB HEUTPODUIOB OLIEHUBAIU MO CPEAHEN UHTEH-
cuBHOCTH (payopecueHnn. AKTuBHOCTh HAJI- 1 HAJI®D-3aBUCUMEBIX JeTHAPOTreHa3 B HEUTpodriaax KpOBU
U3MEPSUTU OUOTIOMUHECIIEHTHBIM METOAOM. YCTAaHOBJIEHO, YTO U3MEHEeHUE (peHOoTUNna HeUTpohUIoB KPOBU
y 6o7bHbIX ¢ PIT posiBasgeTcs Ha ¢hoHEe TOPMOXKEHUSI OCHOBHBIX BHYTPUKJIETOUHBIX METAOOJIUUECKUX TTPO-
LIECCOB U BO B3aUMOCBSI3U ¢ HUMU. OCOOEHHOCTSIMU (heHOTUMUYECKOTO cOCTaBa HEUTPOMDUIOB Y OOJbHBIX
¢ PII 6bu10 yMeHblIIEHUE OTHOCUTEIBHOTO KOJIMUECTBA KJIETOK, 3KCcIpeccupytoiux aare3ausHbie (CD11b u
CD62L) n dynkumoHanbHbie (CD64 u HLA-DR) peuentopbl. HeiiTpoduibl KpoBU GOJIBHBIX pAKOM HMH-
TEHCUBHEE DKCIIPECCUPOBAIN TaKue MOJIeKyJibl, Kak CD11b, CD16 u HLA-DR. DTu usmMeHeHust B GeHOTU-
ne HelUTpodusoB KpoBU y 60bHBIX ¢ PIT onpenensiivce Ha GoHE BBIPaXKEHHOTO YMEHbBIIIEHWST KOJIUYEeCTBa
He3peJibIX KJIeToK. MeTaboimueckrue OCOOEHHOCTU LUTOILUIa3MaTUYECKOTOo KOMMapTMEHTa HeUTpoduioB
KpoBH y 60JbHBIX ¢ PI1 XxapakTepu30BaIMCh CHUKEHUEM aKTUBHOCTH TJIIOK030-6-dochaTtaeruaporeHasbl
(KJIIOUeBOIro M MHULIMaNU3upymollero ¢pepMeHTa neHrozogocdatHoro Hukiaa) 1 NADH-3aBucumoit peak-
nueit nakrataeruaporeHassl (HAIH-JIAT, aHaspoOHBINA IHMKOIK3). MUTOXOHAPUATBbHBIA METa00IU3M Y
HelTpodusioB 6oabHbIX ¢ PIT XxapakTepusoBayicsl pa3HOHAINpaBiIeHHbIMU U3MEeHEHUsIMU akTUuBHOCTU HAJI -
(HAOH-TAT) n HAA®-3aBUCHUMBIX TIyTaMaTaerujaporeHas (CHkeHue akTuBHOCTH HAJI-3aBUCHMMBIX U
noBbllieHUe akTUBHOCT HAJID-3aBUCHMBIX) U CHIXKeHMeM aktuBHocT HAJIH-3aBucnuMast peakimst Ma-
JaTAeruAporeHasbl. YCTAHOBJIEHHbIE OCOOEHHOCTU B aKTUBHOCTU MUTOXOHAPUATBHBIX (DEPMEHTOB Xapak-
TepusyloT HapylueHue HAJI-3aBUCUMBIX MPOILIECCOB, UTO MOXET MPUBECTU K CHUXEHUIO MHTEHCUBHOCTHU
a’pPOOHBIX PHEPreTuYecKux mnpoieccoB. C MOMOIIBIO KOPPEISIIMOHHOIO aHajiu3a ObLIO OOHAPYKEHO, YTO
0COOEHHOCTHU B3auMocBs3eil y 60abHbIX PIT onpenensuiuchk oTpuiaTebHbIM BausitHueM aktTuBHocTH HAJTH -
TAT u HAAH-JIAT Ha ypoBHM 2KCOpecCUu PeLieNnTOPOB aKTUBALIMU U aare3uu Heutpoduaos. ToabKo ak-
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TUBHOCTb [JTyTATUOHPENYKTa3bl B HEUTpoduiaax 60sibHbIX PIT MoMoXUTeIbHO KOppeIrupoBaa ¢ 3KCIpeccuei
moJiekyn CD23 u HLA-DR. IToBbllIeHUE aKTUBHOCTU SHEPIeTUYECKUX ITPOLIECCOB (B TOM YUCJIE TPOLIECCOB
B3aMMO/ICVCTBUS [IUKJIA TPUKAPOOHOBBIX KUCJIOT C peakiisiMiu oOMeHa aMIUHOKUCIIOT) B HeMTpoduiax Kpo-
BU OOJIBHBIX PAKOM MOYKHU MOXKET CTUMYJIMPOBATH YPOBHU 3KCIPECCUU PELIENITOPOB AaKTUBALIMU U aATE3UU U
TMOBBINIATH TIPOTUBOOITYXOJIEBYIO aKTUBHOCTh HEUTPODUIIOB.

Knrouesuie crosa: neiimpoghunsl, henomun, anmueeHvt, MemadoAU3M, AKMUBHOCMb (PepMEeHMO8, paK NOYKU

IMMUNOPHENOTYPE AND METABOLISM ARE LINKED IN
PERIPHERAL BLOOD NEUTROPHILS FROM PATIENTS WITH
KIDNEY CANCER

Savchenko A.A.?2 Borisov A.G.2, Kudryavtsev L.V.>< Gvozdev LI,
Moshev A.V.2

@ Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation

b Institute of Experimental Medicine, St. Petersburg, Russian Federation

¢ First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. The aim of the present study was to analyze the relationships between expression of activation and
adhesion receptors on peripheral blood neutrophils, and intracellular activity of some neutrophil enzymes in
patients with kidney cancer (KC). Patients and methods: the KC patients (n = 72) (T3NOMO, clear-cell type)
were examined prior to surgical treatment at the Krasnoyarsk Regional Oncology Center. The diagnosis was
verified histologically for all KC patients. The phenotype of blood neutrophils was studied using flow cytometry.
The surface receptor expression levels of the neutrophils were evaluated by mean fluorescence intensity. NAD
and NADP-dependent dehydrogenases activities in purified peripheral blood neutrophils were measured by
bioluminescent method. Results: we have found that the phenotypic alterations in circulating KC patients’
neutrophils appeared along with inhibition of main intracellular metabolic processes and were closely linked
with them. The features of the phenotypic imbalance in the neutrophils from KC patients were associated
with a decrease in blood cells expressing adhesive (CD11b and CD62L) and functional (CD64 and HLA-DR)
receptors. Moreover, the patient’s neutrophils expressed CD11b, CD16 and HLA-DR on their cell surface
more intensively, than neutrophilic leukocytes from control group. These phenotypic changes in KC patients’
blood neutrophils occurred in parallel with pronounced decrease in immature cells numbers. The metabolic
changes of neutrophil cytoplasmic compartment in KC patients were determined by a decrease in Glu6PDH
activity (a key and initializing enzyme of the pentose phosphate cycle) and NADH-LDH (anaerobic glycolysis).
Mitochondrial metabolism in neutrophils of KC patients was characterized by multidirectional changes in the
activity of NAD- and NADP-dependent glutamate dehydrogenases (decreased activity of NAD-dependent
and increased activity of NADP-dependent) and a decrease in NADH-MDH activity. The established features
in mitochondrial enzymes activities suggest some disturbances of NAD-dependent processes that could lead
to down-regulation of aerobic energy processes. We guess that the decreased activity of plastic and energy
processes in blood neutrophils of KC patients could affect the receptor expression levels. By means of correlation
analysis, we have found that the relationships in KC patients were determined by negative effects of NADH-
GDH and NADH-LDH activities upon expression of activation and adhesion receptors in blood neutrophils.
Of these enzymes, only glutathione reductase activity in neutrophils from KC patients was positively linked
with the CD23 and HLA-DR expression. Thus, an increase in activity of energy processes (e.g., coupling the
tricarboxylic acid cycle to amino acid metabolism) in blood neutrophils from the patients with kidney cancer
could stimulate expression levels of activation and adhesion receptors and potentially increase antitumor
activity of neutrophils.

Keywords: neutrophils, phenotype, antigens, metabolism, enzyme activity, kidney cancer
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The study was performed as part of the project
“Mechanisms of metabolic reprogramming of the
innate immune cells during tumor growth” was
funded by Krasnoyarsk Regional Fund of Science

Introduction

Neutrophils are one of the most abundant type of
innate immune cells that take part in various immuno-
inflammatory processes. It is well-known that
neutrophils participates not only in responses of the
immune system to infection but also play an important
role in antitumor immunity. Several studies have
shown that the neutrophils frequency increases during
tumor progression and cancer-associated chronic
inflammation and, overall, can rise up 90% within
total leucocytes population on terminal stages [20,
28, 37]. An increased neutrophil-to-lymphocyte ratio
was a prognostic indicator of unfavorable prognosis
in patients with different cancers [21, 22]. However,
there were several papers showing that in patients
with cancer peripheral blood neutrophils frequency
could be down-regulated if compared with healthy
controls [6, 10]. Furthermore, neutrophils are often
recruited to the tumor microenvironment where they

could constitute a significant part of tumor-infiltrating
cells [9, 34, 36].

It has been established that the functional activity
of neutrophils (such as phagocytes, ROS production
ect.) from peripheral blood of cancer patients could be
altered. For instance, most recent paper by Zeindler J.
etal. (2019) have shown that neutrophilic granulocytes
positive for myeloperoxidase carried out active
phagocytosis of breast cancer cells [37]. Moreover, the
favorable prognosis was strongly associated with high
intracellular activity of this enzyme in phagocytic
cells. Next, the mechanism of trogoptosis — antibody-
dependent tumor cell killing by neutrophils — was
defined [19]. During phagocytosis, neutrophils react
to cancer cells releasing several types of oxidants to
kill the cancer cells. Additionally, it has been shown
that neutrophils basic level of primary reactive oxygen
species production in patients with kidney cancer
(KC) was increased [15, 26, 28]. While stimulated
neutrophils from the same patients group exhibited
the reduced ability of superoxide radical synthesis.

It can be assumed that neutrophils functional
activity alterations during tumor progression could be
associated with their phenotype changes. It was shown
that peripheral blood neutrophils from patients with
epithelial ovarian cancer showed reduced levels of

AHIITOS3bIYHBII CIUCOK (DEPMEHTOB
Glucose-6-phosphate dehydrogenase (Glu6PDH)
Glycerol-3-phosphate dehydrogenase (Gly3PDH)

Lactate dehydrogenase, NAD-dependent reaction
(LDH)
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NADP-dependent glutamate dehydrogenase
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dehydrogenase (NADPH-GIluDH)
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L-selectin expression while MAC-1 (macrophage-1
antigen, CR-3, CDI11b/CDI18) expression was
increased [2]. Mac-1 has been proven to be a key
adhesion molecule that promoted cancer progression
and mediated tumor cells adhesion to blood vessel
endothelial cell. Next, CD66b*-neutrophil frequency
was reduced in the invasive front from patients with
lip squamous cell carcinoma [4]. CD66b (CGM6,
NCA-95) is a glycosylphosphatidylinositol (GPI)-
linked protein that induces the activation of
neutrophilic granulocytes and plays an important part
in cell-to-cell adhesion.

Eventually, peripheral blood neutrophils have
both pro-tumor and antitumor activities. The
antitumor activity of neutrophils is realized due to
their mechanisms of cytotoxicity and their ability
to stimulate different innate and adaptive immunity
cells [3, 4, 11]. The following pro-tumor functions
of neutrophils were distinguished: stimulation of
angiogenesis, tumor cell dissemination, as well as
immune suppression [3, 11, 36]. A change in the
orientation of neutrophil function in relation to
tumor cells was defined as reprogramming. Moreover,
various methods for changing the functional activity
of neutrophils were currently being developed [11].
Metabolic reprogramming is one of the most actively
developing method for regulating immune system
cells functional activity in vitro [1, 33]. Changes in cell
metabolism through a system of transcription factors
affect the differentiation and functional activation
of cells. It is known that the activity of metabolic
processes in circulating neutrophils were altered in
patients with cancer [23, 29]. It can be suggested that
neutrophils intracellular metabolism imbalance in
cancer patients can also be linked with neutrophils
phenotype variations.

The aim of the study was to analyze the
correspondence between peripheral blood neutrophil
activation and adhesion receptors expression and
activity of neutrophils intracellular enzymes in
patients with KC.

We have studied the activity of NAD(P)-dependent
dehydrogenases as indicators characterizing the
state of the intracellular metabolic processes in
the neutrophils. This type of the enzymes plays an
important part in intracellular metabolism. Firstly, the
main electron carriers in cells are pyridine nucleotides
and hence the dehydrogenases are actively involved
in bioenergy processes. Secondly, the NAD(P)-
dependent dehydrogenases determine adaptive
changes in intracellular metabolism by participating
in the directed coordination of conjugated metabolic
fluxes [14, 24, 25].

Materials and methods

Study participants

Patients (n = 72, age — 45-62 years old) with KC
(T3NOMO, clear cell type) were examined prior to
surgical treatment in Krasnoyarsk Regional Oncology

Center. The diagnosis of KC of all patients was verified
histologically. Peripheral blood samples from 51
healthy volunteers with the same age range were used
as a control group. All studies were performed with the
informed consent of the patients and in accordance
with the Helsinki Declaration of the World Association
“Ethical principles of scientific medical research
involving human” as amended in 2013 and “Rules of
clinical practice in the Russian Federation” approved
by the Order of the Ministry of Health of Russia of
19.06.2003 (No. 266).

Flow cytometry

The phenotype of blood neutrophils were studied
by direct immunofluorescence using monoclonal
antibodies (all from Beckman Coulter, USA)
labeled with FITC (fluorescein isothiocyanate), PE
(phycoerythrin), ECD (phycoerythrin-Texas Red-X),
PCS5 (phycoerythrin-cyanin 5) u PC7 (phycoerythrin-
cyanin 7), AF700 (alexa fluor 700) and AF750 (alexa
fluor 750): CD11b, CD62L, CD16, CD23, CD28,
CD64 u HLA-DR. The distribution of antibodies in
fluorescence channels was carried out in accordance
with the principles of panel formation for the
multicolor cytofluorimetric investigations [13]. The
surface receptor expression levels were evaluated
by mean fluorescence intensity (MFI). Sample
preparation was performed according to the standard
procedure [17]. Erythrocyte lysis was carried out by
a no-wash technology using the reagent Versalyse
(Beckman Coulter, USA). The analysis of stained cells
was performed on a flow cytometer Navios (Beckman
Coulter, USA) of the Center of collective usage
Krasnoyarsk Regional Center of Research Equipment
of Federal Research Center “Krasnoyarsk Science
Center SB RAS”. Not less than 50 000 neutrophils
were analyzed per each sample.

Bioluminescent analysis

Neutrophils were isolated from whole heparinized
blood by a standard method in the density gradient
of ficoll-urografin. The cells were destroyed by
osmotic lysis with addition of 2 mM dithiotreitol.
Activities of the following enzymes were measured
by the bioluminescent method: glucose-6-phosphate
dehydrogenase (Glu6PDH), glycerol-3-phosphate
dehydrogenase (Gly3PDH), NAD- and NADH-
dependent reactions of lactate dehydrogenase (LDH
and NADH-LDH, respectively), NADP-dependent
malate dehydrogenase decarboxylated (NADP-
MDH), NADP and NADPH-dependent reactions
of glutamate dehydrogenase (NADP-GIuDH and
NADPH-GIluDH, respectively), NADP-dependent
isocitrate dehydrogenase (NADP-ICDH), NAD- and
NADH-dependent reactions of malate dehydrogenase
(MDH and NADH-MDH, respectively), NAD-
and NADH-dependent reactions of glutamate
dehydrogenase @ (NAD-GIuDH and NADH-
GluDH, respectively), NAD-dependent isocitrate
dehydrogenase (NAD-ICDH) and glutathione
reductase (GR). The bioluminescent study was carried
out on NAD(P):FMNoxidoreductase-luciferase from
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Photobacterium leiognathi (Institute of Biophysics,
Siberian Division of Russian Academy of Sciences,
Krasnoyarsk) [25]. Activities of NAD(P)-dependent
dehydrogenases in the neutrophils was determined
on the 36-channel biochemiluminescence analyzer
BLM-3607 (MedBioTech Ltd, Russia) and were
expressed in enzymatic units (I U = 1 umol/min).

Statistical analysis

Statistical description was performed by counting
the median (Me) and the inter-quarter span in
the form of 25 and 75 percentiles (Qg,5-Qy75)-
Significance of differences between indicators was
assessed by nonparametric criterion Mann—Whitney
U test. The Spearman rank correlation coefficients
were calculated to characterize the strength of the
relationship between the expression of receptors on
the neutrophil membrane and the activity of their
enzymes. Statistical analysis was performed in an
application package Statistica 6.1 (StatSoft Inc.).

Results

First, we found that the relative number of stab
(band cells or immature neutrophils) neutrophils was
reduced in the peripheral blood from KC patients
(Table 1). The phenotypic composition of neutrophils
in patients with KC was characterized by decreased
levels of CD11b*, CD62L", CD64*, HLA-DR* and
CD64"HLA-DR™" cells, but we found the increased
relative number of CD28* neutrophils. Next,
our findings demonstrated that peripheral blood
neutrophils from cancer patients showed significant
increase in CDI11b, CDI16, CD28 and HLA-DR
MFI levels if compared with healthy control values
(Table 2).

Additionally, using bioluminescent method it
was found that the activities of such enzymes as
Glu6PDH, NADP-MDH, NAD-GIluDH, NADH-
LDH, NADH-MDH and NADH-GIuDH were
reduced in KC patients blood neutrophils (Table 3).
At the same time, the activities of GIly3PDH,
NADP-GIuDH and NADPH-GIuDH in circulating
neutrophils from KC patients were significantly
higher than in samples from control group. The
relationships between enzymes activities and cell-
surface phenotypes were studied using correlation
analysis. In the control group positive correlation was
detected between NADH-GIluDH activity and relative
number of mature segmented neutrophils (r = 0.68,
p = 0.003). In addition, the negative correlation
between Glu6PDH activity and CD62L" neutrophil
percentage (r = -0.78, p = 0.039) was revealed in the
control group. In blood samples fron control group
we also found the following significant association:
NADP-MDH versus HLA-DR MFI levels (r = 0.79,
p = 0.033) and NADH-GIuDH versus CD11b MFI
levels (r=0.90, p = 0.009).

Finally, in KC patients we revealed statistically
significant negative correlation between NADH-
GluDH activities and relative numbers of segmented

neutrophils (r = -0.37, p = 0.017). Within KC group
correlations between NADH-LDH activity and
CD62L" as well as HLA-DR* neutrophil frequencies
were also identified (r=-0.46, p=0.008 and r=-0.36,
p = 0.041, respectively) were found. Moreover, HLA-
DR expression on peripheral blood neutrophils from
those patients was negatively correlated with NADP-
MDH and NADP-ICDH activities (r = -0.38,
p = 0.029 and r = -0.39, p = 0.029, respectively).
Next, NAD-GIluDH was the only one enzyme in KC
patients’ neutrophils whose activity was negatively
interconnected with CD16 (r = -0.49, p = 0.007),
CD23 (r=-0.67,p=0.017) and HLA-DR (r =-0.52,
p = 0.002) MFI values. While GR enzymatic activity
showed positive relationships with CD23 and HLA-
DR MFI levels (r = 0.66, p = 0.020 and r = 0.37,
p = 0.037, respectively).

Discussion

Currently, we investigated frequency, maturation
stages and phenotype alterations in peripheral blood
neutrophils from kidney cancer patients. Here, we
describe for the first time that the number of stab
neutrophils in the peripheral blood of KC patients
was significantly reduced if compared with healthy
control. Moreover, the results of the Sumida K. et
al. (2012) study showed that the number of tumor-
infiltrating neutrophils increased primarily due to the
CD11-positive stab cells [30]. Our study showed the
reduced frequency of CD11b- and CD62L-positive
neutrophils in blood samples from of KC patients. In
is known that CD11b is a membrane glycoprotein, the
member of integrin superfamily, that forms o-chain
of CR3 receptor, and it functionally mediates cell
adhesion, transmigration and chemotaxis [12]. While
CD62L belongs to the family of L-selectins and
together with P-selectin provides the initial contact of
circulating leukocytes with endothelial cells, and these
interaction is the first stage of cell extravasation [16].
We assume that the decrease in the number of blood
neutrophils expressing adhesion receptors in KC
patients could be closely linked with cell migration at
tumor site. Functionally active neutrophils in tumor
environment could be reprogrammed into so-called
“polymorphonuclear neutrophil myeloid-derived
suppressor cells” (or PMN-MDSCs) — f specific
subset of myeloid cells able to inhibit antitumor
immune response [9, 33]. It is also known that PMN-
MDSCs could be detected within peripheral blood
circulating immature neutrophils, and PMN-MDSCs
frequency mostly decreased in cancer patients [33].

The phenotypic state of the blood neutrophils in
cancer patients was also characterized by reduced
number of cells expressing on their cell membranes
such activation receptors as CD64 and HLA-DR.
CD64 (FcyRI) is a high affinity IgG receptor which
is the only receptor type capable of binding free
antibodies [8]. Activated neutrophils during the
expression of this receptor can retain a large number
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TABLE 1. MORPHOLOGY AND PHENOTYPE OF BLOOD NEUTROPHILS IN PATIENTS WITH KC, Me (Q; ,5-Qy 75)

Parameters CoEtroI Patienti with KC p
(n=51) (n=172)

Neutrophils, 10°%/1 3.25 (2.48-4.23) 3.18 (2.35-4.56)

Stab neutrophils, % 1(0.0-4.0) 0.0 (0.0-1.0) < 0.001
Segmented neutrophils, % 55.1 (47.0-62.0) 58.0 (49.0-65.1)

CD11b*, % 99.9 (99.8-100.0) 99.8 (99.7-99.9) 0.032
CD16*, % 92.4 (88.4-96.7) 90.1 (85.8-95.4)

CD23*, % 10.5 (6.6-15.5) 8.5 (4.7-17.1)

CD62L*, % 99.6 (98.8-99.8) 97.4 (90.4-99.3) < 0.001
CD64*, % 15.7 (5.5-92.1) 7.4 (4.1-15.5) 0.045
HLA-DR*, % 98.2 (94.2-99.2) 89.8 (59.7-97.7) < 0.001
CD64'HLA-DR*, % 4 (5.2-13.0) 5.7 (2.8-9.6) 0.048

TABLE 2. EXPRESSION LEVELS OF THE ANTIGENS ON BLOOD NEUTROPHILS IN PATIENTS WITH KC, Me (Q, ,5-Q; +s)

Parameters C0|_1trol Patients_, with KC b
(n=51) (n=72)
CD11b* 110.40 (19.33-214.09) 128.92 (71.96-211.46) 0.048
cD16* 108.51 (79.80-177.05) 157.04 (93.21-230.07) 0.046
CcD23* 6.39 (5.00-7.78) 6.23 (4.86-7.30)
cDé62L* 5.61 (2.79-7.54) 5.57 (3.54-7.96)
cD64* 2.23 (1.61-3.45) 2.17 (1.71-7.68)
HLA-DR* 1.66 (1.47-1.85) 1.85 (1.63-2.76) 0.005

TABLE 3. ACTIVITY OF NAD- AND NADP-DEPENDENT DEHYDROGENASES IN BLOOD NEUTROPHILS OF THE PATIENTS

WITH KC, Me (Q; 2-Qy 75)

Parameters CoEtroI Patienti with KC p
n =51 n=72

Glu6PDH 1.94 (0.63-9.93) 0.35 (0.02-1.28) <0.001
Gly3PDH 0.12 (0.01-0.36) 1.02 (0.11-3.25) < 0.001
LDH 7.11 (1.62-28.91) 7.45 (1.55-26.34)

NADP-MDH 1.54 (0.52-2.20) 0.21 (0.01-1.35) 0.014
NADP-GIuDH 1.58 (0.15-6.08) 5.44 (2.95-15.99) 0.048
NADP-ICDH 3.66 (1.33-10.30) 2.31(1.41-10.89)

MDH 12.96 (2.10-54.00) 9.33 (1.08-53.38)

NAD-GIuDH 1.26 (0.31-5.23) 0.45 (0.01-2.68) 0.038
NAD-ICDH 0.18 (0.01-1.24) 0.14 (0.01-1.71)

NADH-LDH 61.25 (10.01-80.07) 15.98 (2.31-30.46) 0.009
NADH-MDH 50.13 (10.82-106.11) 25.67 (3.08-44.03) 0.024
GR 1.06 (0.11-8.22) 5.44 (1.05-19.36)

NADH-GIuDH 15.85 (1.61-46.04) 6.86 (0.80-19.39) 0.037
NADPH-GIuDH 0.12 (0.01-2.70) 21.90 (4.68-74.08) <0.001
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of IgG molecules on their surface and realize the
function of the trogoptosis [19]. HLA-DR is major
histocompatibility complex class II molecule that is
responsible for antigen presentation to Th cells [18].
Reduced levels of the blood neutrophils expressing
activation markers could also be linked with cell
migration alterations occurred in KC patients. It
should be also noted that circulating neutrophils from
KC patients were characterized by up regulated low
affinity IgG-receptor (CD16), CD11b and HLA-DR

expression.
Intracellular metabolism largely determines
functional activity of neutrophils in various

immunopathological conditions [24, 27]. Tumor-
infiltrating cell reprogramming could be realized
through alterations in cell metabolic processes [35].
Our study found that the imbalance in peripheral
blood neutrophils phenotype found in KC patients
was accompanied by altered activity of intracellular
metabolic processes. For example, Glu6PDH is the
key and initializing enzyme of the pentose phosphate
cycle [14, 32]. The activity of this enzyme in blood
neutrophils in KC patients was reduced, that fact
pointed to down-regulation of several reactions in
macromolecular synthesis. The most likely cause
could be the insufficient intensity of the initial
glycolysis reactions. While the increase in Gly3PDH
activity in patients was apparently a compensatory
reaction of intracellular metabolism. This enzyme
transfers lipid catabolism products to redox reactions
of the glycolysis [14, 26]. However, the low activity of
the anaerobic LDH reaction in neutrophils from KC
patients could indicate the insufficiency of anaerobic
glycolysis. It should be noted that a low activity of the
glycolysis (the main energy process for granulocytes)
was associated with a lack of functional reactions of
neutrophils [14, 26, 31].

Malic-enzyme is involved in xenobiotic catabolism
reactions, and it also is a key enzyme in lipid anabolism
reactions [26]. A decrease in the enzyme activity in
patients’ neutrophils could affect the sensitivity of
cells to regulatory and functional signals as well as
their resistance to toxic effects.

Mitochondrial respiration is not the main energy
process of neutrophils, but mitochondrial metabolism
integrates all the basic metabolic reactions together
and, thus, being the key mechanisms of functional
regulation [1, 5]. The activity of the two studied
enzymes of the tricarboxylic acid cycle — NAD-ICDH
and MDH — in blood neutrophils of KC patients
corresponded to the control values. Accordingly, we
could assume that the similar state of substrate flow
rate along the tricarboxylic acid cycle was provided
by mechanisms of additional substrate administration
(with insufficient glycolysis activity). Next, in
neutrophilsfrom KCpatientswe found multidirectional
changes in functional activity of NAD and NADP-
dependent glutamate dehydrogenases — the activity
of NAD-dependent glutamate dehydrogenase (both
reactions) was decreased while the activity of NADP-

dependent glutamate dehydrogenase (both reactions)
was increased. The similar changes in the activity of
glutamate dehydrogenases determined a decrease in
NAD-dependentandanincreasein NADP-dependent
substrate metabolism between the tricarboxylic
acid cycle and amino acid metabolism reactions
in neutrophils of KC patients. We assume that the
increase in NADP-dependent substrate metabolism
could support the intensity of substrate flow along
the tricarboxylic acid cycle. However, the decrease in
NAD-dependent substrate metabolism could reduce
the intensity of aerobic respiration of mitochondria
in the neutrophils of KC patients as evidenced by
a decrease in the activity of NADH-MDH. This
enzyme is the key in the reactions of the malate-
aspartate shunt that determines the effectiveness of
the respiratory chain of mitochondria [14, 26].

Correlation analysis between the neutrophil
phenotype (including receptor expression) and
enzyme activities revealed metabolic reactions
that were associated with activation and adhesion
receptors expression. The inversion of the correlation
in KC patients between mature neutrophils content
and NADH-GIuDH activity was found: in control
group the correlation was positive, while in KC
patients — negative. This inversion characterized a
decrease in tricarboxylic acid cycle substrates outflow
with an increase in the number of mature neutrophils
in patients. Therefore, it could be a compensatory
reaction aimed to the maintenance of aerobic
respiration in neutrophils. The interconnections of
the intracellular enzymes activity with the neutrophil
phenotype were mainly determined by the role of
metabolic processes in different aspects of cells
functional activation. In particular, the number of
CDG62L" neutrophils in control group was negatively
correlated with Glu6PDH activity while in KC
patients — with NADH-LDH. Accordingly, the
migration activity of blood neutrophils in control
group was largely determined by the activity of plastic
metabolism and in KC patients — by the intensity of
substrate flow in anaerobic glycolysis. In addition,
HLA-DR* neutrophils frequency in KC patients
was negatively associated with NADH-LDH activity
that characterized the disruption of anaerobic energy
during functional activation of cells.

Correlations between enzyme activity and
cell-surface receptor expression levels were more
pronounced in both groups. Moreover, this complex of
relationships in the control group was represented only
by positive relationships while the KC patients revealed
mostly negative correlations. The inversion of the
relationship between the expression of the HLA-DR
and NADP-MDH activity has been established: the
positive relationship in control group and negative
correlation in cancer patients. Accordingly, HLA-DR
expression was accompanied by lipid anabolism
activation in neutrophils from control group while it
manifested itself when inhibiting these reactions in
cancer. In addition, the expression of this antigen was
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accompanied by a decrease in anaerobic glycolysis
intensity (low NADH-LDH activity) as well as in
mitochondrial compartment metabolism (low activity
of NADP-ICDH and NAD-GIluDH) of KC patients
neutrophils. In general, expression of activation
(CD16 and CD23) and adhesion (CD62L) antigens by
KC patients neutrophils was mainly accompanied by
the inhibition of NAD-dependent influx of substrates
onto the tricarboxylic acid cycle via NADGDG.
Glutathione reductase was the only enzyme whose
activity was positively correlated with the expression
of CD23 and HLA-DR by KC patients neutrophils.
This enzyme is part of the glutathione-dependent
antioxidant system, and its activity increases with
the intensification of cell peroxide processes [7, 26].
Therefore, the level of CD23 and HLA-DR expression
on the neutrophil membrane of KC patients changed
according to the intensity of intracellular antioxidant
processes.

Conclusion

Alterations in blood neutrophils phenotype
received from patients with kidney cancer were
manifested against the background of inhibition
of the main intracellular metabolic processes. The
features of the phenotypic imbalance of KC patients’
neutrophils were the associated with the diminution in
peripheral blood of cells expressing adhesive (CD11b
and CD62L) and functional (CD64 and HLA-DR)
receptors. Moreover, circulating patient’ neutrophils
expressed such molecules as CDI1b, CD16 and
HLA-DR more intensively. These phenotype changes
in KC patients blood neutrophils were carried out
against a background of a pronounced decrease in

References

immature cells number. Moreover, myeloid-derived
suppressor cells with the function of inhibiting
antitumor immunity could be defined as immature
polymorphonuclear neutrophils. The metabolic
featuresofthe cytoplasmic compartment of KC patients
blood neutrophils were determined by a decrease in
GIlu6PDH activity (a key and initializing enzyme
of the pentose phosphate cycle) and NADH-LDH
(anaerobic glycolysis). Mitochondrial metabolism
in neutrophils of KC patients was characterized by
multidirectional changes in the activity of NAD-
and NADP-dependent glutamate dehydrogenases
(decreased activity of NAD-dependent and increased
activity of NADP-dependent) and a decrease in
NADH-MDH activity. The established features in
mitochondrial enzymes activities characterized the
violation of NAD-dependent processes which could
led to down-regulation of aerobic energy processes.
We believe that a decrease in the activity of plastic and
energy processes of KC patients blood neutrophils
could affect receptor expression levels. Using
correlation analysis that features of the relationships
in KC patients were determined, we found the negative
effect of NADH-GDH and NADH-LDH activity
on activation and adhesion neutrophil’ receptors
expression. Only glutathione reductase activity in KC
patients’ neutrophils was positively linked with the
CD23 and HLA-DR expression. Thus, an increase
in the activity of energy processes (including the
processes of interaction of the tricarboxylic acid cycle
with amino acid exchange reactions) in the blood
neutrophils from patients with kidney cancer could
stimulate expression levels of activation and adhesion
receptors and, thereby, increase the antitumor activity
of neutrophils.

1. Bao Y, Ledderose C. Seier T., Graf A.E, Brix B, Chong E., Junger W.G. Mitochondria regulate
neutrophil activation by generating ATP for autocrine purinergic signaling. J. Biol. Chem., 2014, Vol. 289, no. 39,

pp. 26794-26803.

2. Bednarska K., Klink M., Wilczynski J.R., Szylto K., Malinowski A., Sulowska Z., Nowak M. Heterogeneity
of the Mac-1 expression on peripheral blood neutrophils in patients with different types of epithelial ovarian cancer.

Immunobiology, 2016, Vol. 221, no. 2, pp. 323-332.

3. Brandau S., Dumitru C.A., Lang S. Protumor and antitumor functions of neutrophil granulocytes. Semin.

Immunopathol., 2013, Vol. 35, no. 2, pp. 163-176.

4. da Silva K.D., Caldeira P.C., Alves A.M., Vasconcelos A.C.U., Gomes A.PN. de Aguiar M.C.E,
Tarquinio S.B.C. High CD3(+) lymphocytes, low CD66b(+) neutrophils, and scarce tumor budding in the invasive
front of lip squamous cell carcinomas. Arch. Oral. Biol., 2019, Vol. 104, pp. 46-51.

5. Dabhlgren C., Gabl M., Holdfeldt A., Winther M., Forsman H. Basic characteristics of the neutrophil receptors
that recognize formylated peptides, a danger-associated molecular pattern generated by bacteria and mitochondria.

Biochem. Pharmacol., 2016, Vol. 114, pp. 22-39.

6. Delebarre M., Dessein R., Lagrée M., Mazingue E, Sudour-Bonnange H., Martinot A., Dubos F. Differential
risk of severe infection in febrile neutropenia among children with blood cancer or solid tumor. J. Infect., 2019,

Vol. 79, no. 2, pp. 95-100.

7. Fan H.J, Tan Z.B., Wu Y.T,, Feng X.R,, Bi Y.M., Xie L.P,, Zhang W.T., Ming Z., Liu B., Zhou Y.C. The role of
ginsenoside Rb1, a potential natural glutathione reductase agonist, in preventing oxidative stress-induced apoptosis
of HIC2 cells. J. Ginseng. Res., 2020, Vol. 44, no. 2, pp. 258-266.

8. Gatti A,, Ceriani C., De Paschale M., Magnani C., Villa M., Vigano P, Clerici P., Brando B. Quantification of
neutrophil and monocyte CD64 expression: a predictive biomarker for active tuberculosis. Int. J. Tuberc. Lung Dis.,

2020, Vol. 24, no. 2, pp. 196-201.

894



2020, T. 22, Ne 5 Heiimpoguavt npu paxe nouxu
2020, Vol. 22, No 5 Neutrophils in kidney cancer

9. Giese M.A., Hind L.E., Huttenlocher A. Neutrophil plasticity in the tumor microenvironment. Blood, 2019,
Vol. 133, no. 20, pp. 2159-2167.

10. Goto K., Matsuyama R., Suwa Y., Arisaka S., Kadokura T., Sato M., Mori R., Kumamoto T., Taguri M.,
Endo I. The maximum chemiluminescence intensity predicts severe neutropenia in gemcitabine-treated patients
with pancreatic or biliary tract cancer. Cancer Chemother. Pharmacol., 2018, Vol. 82, no. 6, pp. 953-960.

11. Granot Z. Neutrophils as a therapeutic target in cancer. Front. Immunol., 2019, Vol. 10, 1710. doi: 10.3389/
fimmu.2019.01710.

12. Kelm M., Lehoux S., Azcutia V., Cummings R.D., Nusrat A., Parkos C.A., Brazil J.C. Regulation of neutrophil
function by selective targeting of glycan epitopes expressed on the integrin CD11b/CD18. FASEB J., 2020, Vol. 34,
no. 2, pp. 2326-2343.

13. Kudryavtsev I.V., Subbotovskaya A.I. Application of six-color flow cytometric analysis for immune profile
monitoring. Medical Immunology (Russia), 2015, Vol. 17, no. 1, pp. 19-26. doi: 10.15789/1563-0625-2015-1-19-26.

14. Kumar S., Dikshit M. Metabolic insight of neutrophils in health and disease. Front. Immunol., 2019, Vol. 10,
2099. doi: 10.3389/fimmu.2019.02099.

15. Kurtasova L.M., Savchenko A.A., Shkapova E.A. Clinical aspects of functional disorders of neutrophilic
granulocytes in oncopathology. Novosibirsk: Nauka, 2009. 183 p.

16. LokwaniR., Wark P.A., Baines K.J., Fricker M., Barker D., Simpson J.L. Blood Neutrophils In COPD But Not
Asthma Exhibit A Primed Phenotype With Downregulated CD62L Expression. Int. J. Chron. Obstruct. Pulmon. Dis.,
2019, Vol. 14, pp. 2517-2525.

17. Maecker H., McCoy P., Nussenblatt R. Standardizing immunophenotyping for the human immunology
project. Nat. Rev. Immunol., 2012, Vol. 12, pp. 191-200.

18. Mahmoodpoor A., Paknezhad S., Shadvar K., Hamishehkar H., Movassaghpour A.A., Sanaie S.,
Ghamari A.A., Soleimanpour H. Flow cytometry of CD64, HLA-DR, CD25, and TLRs for diagnosis and prognosis
of sepsis in critically ill patients admitted to the intensive care unit: a review article. Anesth. Pain. Med., 2018, Vol. 8,
no. 6, e83128. doi: 10.5812/aapm.83128.

19. Matlung H.L., Babes L., Zhao X.W., van Houdt M., Treffers L.W,, van Rees D.]., Franke K., Schornagel K.,
Verkuijlen P, Janssen H., Halonen P, Lieftink C., Beijersbergen R.L., Leusen J.H.-W,, Boelens J.J., Kuhnle I, van der
Werff Ten Bosch J., Seeger K., Rutella S., Pagliara D., Matozaki T., Suzuki E., Menke-van der Houven van Oordt C.W,,
van Bruggen R., Roos D., van Lier R.A.W., Kuijpers T.W., Kubes P, van den Berg T.K. Neutrophils Kill antibody-
opsonized cancer cells by trogoptosis. Cell Rep., 2018, Vol. 23, no. 13, pp. 3946-3959.

20. Mishalian I., Granot Z., Fridlender Z.G. The diversity of circulating neutrophils in cancer. Immunobiology,
2017, Vol. 222, Iss. 1, pp. 82-88.

21. PanZ.,ZhangL., LiuC., Huang X., Shen S., Lin X., Shi C. Cisplatin or carboplatin? Neutrophil to lymphocyte
ratio may serve as a useful factor in small cell lung cancer therapy selection. Oncol. Lett., 2019, Vol. 18, no. 2,
pp. 1513-1520.

22. Pirozzolo G., Gisbertz S.S., Castoro C., van Berge Henegouwen M.I., Scarpa M. Neutrophil-to-lymphocyte
ratio as prognostic marker in esophageal cancer: a systematic review and meta-analysis. J. Thorac. Dis., 2019, Vol. 11,
no. 7, pp. 3136-3145.

23. Rice C.M., Davies L.C., Subleski J.]J., Maio N., Gonzalez-Cotto M., Andrews C., Patel N.L., Palmieri E.M.,
Weiss J.M., Lee J.M., Annunziata C.M., Rouault T.A., Durum S.K., McVicar D.W. Tumour-elicited neutrophils
engage mitochondrial metabolism to circumvent nutrient limitations and maintain immune suppression. Nat.
Commun., 2018, Vol. 9, no. 1, 5099. doi: 10.1038/s41467-018-07505-2.

24. Richer B.C, Salei N, Laskay T., Seeger K. Changes in neutrophil metabolism upon activation and aging.
Inflammation, 2018, Vol. 41, no. 2, pp. 710-721.

25. Savchenko A.A. Evaluation of NAD(P)-dependent dehydrogenase activities in neutrophilic granulocytes
by the bioluminescent method. Bulletin of Experimental Biology and Medicine (Russia), 2015, Vol. 159, no. 5,

. 692-695.
PP 26. Savchenko A.A., Zdzitovetskii D.E., Borisov A.G., Luzan N.A. Chemiluminescent and enzyme activity of
neutrophils in patients with widespread purulent peritonitis depending on the outcome of disease. Annals of the
Russian Academy of Medical Sciences, 2014, Vol. 69, no. 5-6, pp. 23-28.

27. Savchenko A.A., Borisov A.G., Cherdancev D.V., Pervova O.V,, Kudryavtsev I.V,, Gvozdev L.I., Moshev A.V.
Features of the phenotype and NAD(P)-dependent dehydrogenases activity in neutrophil by patients with widespread
purulent peritonitis in prognosis for sepsis development. Russian Journal of Infection and Immunity, 2018, Vol. 8,
no. 3, pp. 369-376.

28. Shkapova E.A., Kurtasova L.M., Savchenko A.A. Lucigenin- and luminol-dependent chemiluminescence of
blood neutrophils in patients with renal cancer. Bulletin of Experimental Biology and Medicine, 2010, Vol. 149, no. 2,
pp. 239-241.

29. Sica A., Guarneri V., Gennari A. Myelopoiesis, metabolism and therapy: a crucial crossroads in cancer
progression. Cell Stress, Vol. 3, no. 9, pp. 284-294.

30. Sumida K., Wakita D., Narita Y., Masuko K., Terada S., Watanabe K., Satoh T., Kitamura H., Nishimura T.
Anti-IL-6 receptor mAb eliminates myeloid-derived suppressor cells and inhibits tumor growth by enhancing T-cell
responses. Eur. J. Immunol., 2012, Vol. 42, no. 8, pp. 2060-2072.

31. Tan C, Gu]J, Chen H,, Li T., Deng H., Liu K,, Liu M., Tan S., Xiao Z., Zhang H., Xiao X. Inhibition of
aerobic glycolysis promotes neutrophil to influx to the infectious site via CXCR2 in sepsis. Shock, 2020, Vol. 53, no. 1,
pp. 114-123.

895



Casuenko A.A. u dp.
Savchenko A.A. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

32. Thwe PM,, Ortiz D.A., Wankewicz A.L., Hornak J.P.,, Williams-Bouyer N., Ren P. Closing the Brief case:
recurrent chromobacterium violaceum bloodstream infection in a glucose-6-phosphate dehydrogenase (G6PD)-
deficient patient with a severe neutrophil defect. J. Clin. Microbiol., 2020, Vol. 58, no. 2, pii: e00314-19. doi: 10.1128/
JCM.00314-19.

33. Veglia E, Perego M., Gabrilovich D. Myeloid-derived suppressor cells coming of age. Nat. Immunol., 2018,
Vol. 19, no. 2, pp. 108-119.

34. Veglia E, Tyurin V.A,, Blasi M., De Leo A., Kossenkov A.V., Donthireddy L., To T.K.]., Schug Z., Basu S.,
Wang E, Ricciotti E., DiRusso C., Murphy M.E., Vonderheide R.H., Lieberman P.M., Mulligan C., Nam B,
Hockstein N., Masters G., Guarino M., Lin C., Nefedova Y., Black P., Kagan V.E., Gabrilovich D.I. Fatty acid transport
protein 2 reprograms neutrophils in cancer. Nature, 2019, Vol. 569, no. 7754, pp. 73-78.

35. Won WJ,, Deshane].S., Leavenworth J.W,, Oliva C.R., Griguer C.E. Metabolic and functional reprogramming
of myeloid-derived suppressor cells and their therapeutic control in glioblastoma. Cell Stress, 2019, Vol. 3, no. 2,
pp. 47-65.

36. Wu L, Saxena S., Awaji M., Singh R K. Tumor-associated neutrophils in cancer: Going Pro. Cancers (Basel),
2019, Vol. 11, no. 4, E564. doi: 10.3390/cancers11040564.

37. Zeindler J., Angehrn E, Droeser R., Dister S., Piscuoglio S., Ng C.K.Y,, Kilic E., Mechera R., Meili S,
Isaak A., Weber W.P., Muenst S., Soysal S.D. Infiltration by myeloperoxidase-positive neutrophils is an independent

prognostic factor in breast cancer. Breast Cancer Res. Treat., 2019, Vol. 177, no. 3, pp. 581-589.

ABTODBI:

Caeuenxo A.A. — 0.m.H., npogeccop, pykosodumenw
nabopamopuu KAemo4HO-MOACKYAAPHOU PU3UOA02UL

u namoaoeuu, Hayuno-uccaedoeamenvckuit uncmumym
meduyurnckux npoonem Cesepa — 060cobrenHoOe
noopaszoenenue DI'bHY «Dedepanvhblii uccredosamenvckuil
uenmp ,, Kpacnospckuii hayunwiii yenmp Cubupckoeo
omoenenus: Poccuiickoil akademuu nayk “», e. Kpacnospck,
Poccus

bopucos A.I. — k.m.H., 6edyuwjuii HayuHbLll cOMPYOHUK
snabopamopuu KAemo4Ho-MOAeKYAAPHOU Gu3uosoeuu

u namosnoeuu, Hayuno-uccaedoeamenwvckuil uncmumym
meduyurckux npoorem Cesepa — 000cobreHHOe
noopazoenenue DIbHY «Dedepanvhblii uccaedosamenvckuil
uenmp ,, Kpacnospckuii nayunwiii yenmp Cubupckoeo
omdenenus Poccuiickoii akademuu nayk “», e. Kpacnospck,
Poccus

Kyopsaeuee U.B. — k.6.H., cmapuwiuil Hay4HbLil

compyonux omoena ummynonoauu OIbHY « Mncmumym
IKCHEPUMEHMAaNbHOU MeOULUHbL» ; doueHm Kageopol
ummynonoeuu OIbOY BO «llepewiii Cankm-
Ilemepbypeckuit 2ocyoapcmeenHbvlit MeOUUUHCKULL
yHusepcumem umeHnu axkademuxa U.11. Ilasrosa»
Munucmepcmea 3dpasooxpanenus PD, Cankm-Ilemepbype,
Poccus

18030e¢ U.U. — maaowiuii Hayumbslii compyOHUK
1a060pamopuu KAemouHO-MONeKYAAPHOU PU3Uoa0eUU

u namonoeuu, Hayuno-uccaedoeamenwvckuil uncmumym
meduyurckux npoonrem Cesepa — 0060cobaeHHOe
noopazoenenue DI'bHY «Dedepanvubiii uccaedosamenvckuil
uenmp ,, Kpacnospckuii nayunwiii yenmp Cubupckoeo
omdenenus Poccuiickoii akademuu nayk “», e. Kpacnospck,
Poccus

Mowes A.B. — maadwiuii HayuHwvLil COMPYOHUK
saabopamopuu KAemo4Ho-MOAeKYAAPHOU Gu3uosoeul

u namosnoeuu, Hayuno-uccaedoeamenvciuii uncmumym
meduyunckux npoorem Cesepa — 0060cobaeHHOe
nodpasdenenue PIbHY «Dedepanvhuiil uccredogamenvckuil
uenmp ,, Kpacnospckuii nayurwiii yenmp Cubupcroeo
omdenenus Poccuiickoii akademuu nayk “», e. Kpacnospck,
Poccus

Authors:

Savchenko A.A., PhD, MD (Medicine), Professor, Head,
Laboratory of Molecular and Cellular Physiology and
Pathology, Research Institute of Medical Problems of the
North, Krasnoyarsk Science Center, Siberian Branch, Russian
Academy of Sciences, Krasnoyarsk, Russian Federation

Borisov A.G., PhD (Medicine), Leading Research Associate,
Laboratory of Molecular and Cellular Physiology and
Pathology, Research Institute of Medical Problems of the
North, Krasnoyarsk Science Center, Siberian Branch, Russian
Academy of Sciences, Krasnoyarsk, Russian Federation

Kudryavtsev LV., PhD (Biology), Senior Research Associate,
Department of Immunology, Institute of Experimental
Medicine; Associate Professor, Department of Immunology,
First St. Petersburg State 1. Pavlov Medical University,

St. Petersburg, Russian Federation

Gvozdev 1.1., Junior Research Associate, Laboratory of
Molecular and Cellular Physiology and Pathology, Research
Institute of Medical Problems of the North, Krasnoyarsk
Science Center, Siberian Branch, Russian Academy of
Sciences, Krasnoyarsk, Russian Federation

Moshev A.V., Junior Research Associate, Laboratory of
Molecular and Cellular Physiology and Pathology, Research
Institute of Medical Problems of the North, Krasnoyarsk
Science Center, Siberian Branch, Russian Academy of
Sciences, Krasnoyarsk, Russian Federation

Iocmynuna 24.04.2020
Ilpunsma k newamu 30.04.2020

Received 24.04.2020
Accepted 30.04.2020

896



